Abstract. Maintenance therapy with pemetrexed is well tolerated and achieves prolonged progression-free and overall survival in patients with advanced lung adenocarcinoma. The echinoderm microtubule-associated protein-like 4 (EML4)-anaplastic lymphoma kinase (ALK) is a recently identified fusion oncogene that exists in ~5% of non-small-cell lung cancers (NSCLCs). It was demonstrated that ALK-positive NSCLCs exhibit a high response rate to the ALK inhibitor crizotinib. This is the case report of a patient with NSCLC harboring EML4-ALK rearrangement, who experienced slowly progressive disease within 4 years of maintenance treatment with pemetrexed and later exhibited a marked response to crizotinib. The sustained clinical benefits suggest further investigations on anticancer agent administration.
Introduction
It was reported that in 2013, lung cancer was expected to account for 26% of all female and 28% of all male cancer-related deaths in the USA (1) . Approximately 85% of lung cancers are non-small-cell lung cancer (NSCLC) and the majority of patients are diagnosed at an advanced stage. The standard first-line platinum-based chemotherapy has achieved modest improvements in overall survival (2) . Pemetrexed is an antifolate antineoplastic agent that exerts its effects by disrupting folate-dependent metabolism. Continued chemotherapeutic treatment prior to disease progression with single-agent pemetrexed was found to improve progression-free and overall survival in advanced lung cancer (3, 4) . Crizotinib was approved in 2011 by the Food and Drug Administration for the treatment of anaplastic lymphoma kinase (ALK)-rearranged NSCLC. Crizotinib is an orally active small-molecule inhibitor of ALK and the c-Met receptor tyrosine kinase and belongs to the family of 3-benzyloxy-2-aminopyridines. Recently, a phase 3 clinical trial indicated that, compared to chemotherapy, crizotinib prolonged progression-free survival, increased response rates and improved the quality of life in patients with advanced, previously treated ALK-positive NSCLC (5, 6) .
In this study, we present the case report of a patient with NSCLC harboring echinoderm microtubule-associated protein-like 4 (EML4)-ALK rearrangement. The patient, following discontinuation of second-line therapy, experienced slowly progressive disease within 4 years of maintenance pemetrexed and later exhibited a favorable response to crizotinib. This case indicates that selected patients may continue to benefit from pemetrexed after disease progression.
Case report
In May 2007, a 63-year-old man presented with a mildly productive cough. The patient had been initially treated for pneumonia in a community hospital; however, as the symptoms did not improve despite treatment, the patient underwent a chest computed tomography (CT) scan in the Sichuan Provincial Hospital, which revealed multiple nodes in the left lower pulmonary lobe and left pleura (Fig. 1A) . Biopsy of the pleural nodes was performed by thoracoscopy and the histological examination confirmed the diagnosis of mucinous adenocarcinoma. Immunohistochemical staining was positive for thyroid transcription factor-1, epithelial membrane antigen and lymphocyte-specific protein tyrosine kinase. The patient had an Eastern Cooperative Oncology Group performance status of 1 and received a gemcitabine and cisplatin regimen for 2 cycles. However, treatment was discontinued due to persistent gastrointestinal upset. The patient then received erlotinib orally for 6 months (150 mg daily) and the tumor response according to the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines was stable disease. However, the treatment was discontinued due to erlotinib-associated pulmonary toxicity (interstitial pneumonia). 
A B
In May, 2008, the patient was initiated on 4 cycles of pemetrexed and oxaliplatin chemotherapy (Fig. 1B and C) , followed by maintenance pemetrexed (900 mg per cycle). Imaging for response and progression was performed every 2 cycles, with the baseline scans performed after the completion of induction treatment. In May, 2010, after 13 cycles of maintenance pemetrexed, the tumor response was disease progression without any associated symptoms. After consulting with the patient, we continued the administration of pemetrexed and monitored the patient for the development of obvious clinical symptoms or a rapid acceleration of disease progression over a short period of time. The total number of maintenance cycles delivered was 24 (Fig. 2) . The patient suffered from grade 1 fatigue, skin pigmentation and periodic fever and requested an increase in the treatment interval. In August, 2012, the patient presented with severe cough and dyspnea following physical activity and the CT images revealed left pleural thickening and an enhancing mass in left lower pulmonary lobe. Rebiopsy was performed with a bronchofiberscope and the histological examination confirmed the diagnosis of adenocarcinoma. The molecular analysis revealed wild-type epidermal growth factor receptor (EGFR) gene and absence of K-ras mutation. However, fluorescence in situ hybridization revealed a translocation of ALK. In November, 2012, oral crizotinib (250 mg twice per day) was initiated. Transient mild diarrhea and visual disturbances were observed for the first 2 weeks, but were well controlled in the subsequent course of treatment. After 1 month, a chest CT revealed a significant decrease in the maximum aggregate tumor measurement (Fig. 3) . The tumor response according to the RECIST guidelines was partial response. At 52 weeks after the initiation of crizotinib, the patient remained alive and is in confirmed partial response.
Discussion
Continuation maintenance with pemetrexed is an effective and well tolerated treatment choice for patients with responsive or stable disease after first-line systematic therapy for advanced non-squamous NSCLC (3, 4) . In this case, first-and second-line therapy failed, mainly due to the side effects; subsequently, the patient entered an induction phase which consisted of 4 cycles of induction pemetrexed plus oxaliplatin. The patient did not exhibit disease progression following completion of the 4 cycles of induction and received maintenance therapy with pemetrexed (900 mg per cycle). According to the RECIST guidelines, the maintenance therapy should be discontinued after 13 cycles of maintenance pemetrexed. As an optimal strategy has not been established for patients receiving third-line therapy and the patient had a good quality of life and exhibited a relatively slow progression on CT imaging, we continued the maintenance therapy, after consulting with the patient, until the development of obvious symptoms. Surprisingly, the patient completed 24 cycles of maintenance pemetrexed.
It was previously reported that ALK-positive NSCLC patients achieved a prolongation of progression-free survival on pemetrexed (7) . A previous study reported that an ALK-positive patient received 4 cycles of chemotherapy with pemetrexed and carboplatin followed by maintenance pemetrexed therapy for 19.3 months until disease progression (8) . The underlying mechanism has not been clearly determined, but it was recently demonstrated that certain enzymes, which catalyze purine biosynthesis, are increased by ALK-mediated phosphorylation. Therefore, ALK-positive tumors may be more susceptible to antifolate agents (9) .
Approximately 5% of the malignant transformation in NSCLC is caused by EML4-ALK rearrangement. Tumor cells with EML4-ALK rearrangement are dependent on its function, similar to tumor cells harboring EGFR mutations. Previous studies reported that crizotinib prolonged progression-free survival, increased response rates and improved the quality of life in patients with advanced ALK-positive NSCLC (10, 11) . In this case, following a rapid acceleration of disease progression, oral crizotinib (250 mg twice per day) was initiated. The tumor response was remarkable and rapid and the chest CT revealed a significant decrease in the maximum aggregate tumor measurement within 1 month. The patient experienced transient mild diarrhea and visual disturbances, which were well controlled in the subsequent course of treatment.
Resistance to crizotinib has also been reported. An alteration at C1156 of ALK may allosterically interfere with the binding of tyrosine kinase inhibitors (12) . The patient's disease status will be closely followed and further investigations should focus on different treatment strategies using second-generation ALK inhibitors.
